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(57) Abstract : 

A method for preparing a platinum alloy electrode catalyst for DMFC using 
anhydrous metal chlorides. The method includes reducing platinum chloride 
and non-aqueous second metal chloride with boron lithium hydride (LiBH4) 
in a water-incompatible organic solvent in a nitrogen atmosphere to form 
nano-sized particles of colloidal platinum alloy, and drying the platinum alloy 
particles without any heat treatment. The method of preparing a platinum 
alloy catalyst according to the present invention makes it possible to 
prepare platinum alloy particles having a narrow range of size distribution 
and an average particle size of less than 2 nm with ease, relative to the 
conventional methods. The platinum alloy particles thus obtained can be 
used as an electrode catalyst for DMFC to enhance methanol oxidation 
performance. 
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^- ^-^-8: ^ "S^-l-i- >"•>•§- 3^ "Hf!-§- "Ss^l (Direct Methanol Fuel Cell, DMFO-8- ^ ^ 
nflSl ^^^ofl ^o.S., £± &^7l SHI ^r*^^ ^71-g-nfl <g^-««^- « U]^-g-^ *H2-g-^r ^Sj-l-g- 

^4iS|-g-i^#(LiBH 4 )AS #S.o)c Aj-o] Bjj^- ^= uf^ <a^>» ^A^tV ^_ aJ j= <a^>» l^e) &°1 

23^17]^ £ w<HHl 4=-^, ^T-V 3.7)7} 2)±-2}Q 2]^ nfl f}-g- <g JL # *1 ^ ^^nfl-S ^ofl H] 

C|ll£.f- 
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£ 2a ^ 2b^r £- *^Sl HI ^ef afl^fl ^ofl ^g.( Pt -R u /C)S] ^ 3*1" «nl3(T 

ransmission Electron Microscope, TEM) ^*fl 0 l n l*l (250,000 «fl^r) ^ #nfl <y^>3] 37l 

M-el-vfl^, £ 2c ^ 2d -S- if>33] 2 ^ 3°11 ?]-£-°l] g-el ^(Pt 

-Mo/C) ^ ^-g-(Pt-Ru)S] ^4 ^0]^ #;£o]j uj-g. olnl*](2 c : 250,000 sfl-i:, 2d: 500,0 

00 »!]-§-)« M-Efvfljl, 



£ 3a ^ 3b ^Zf* t^fl ^a]^ i ^ 3°fl nj-ej. Pt-Ru/C ^ Pt-Rufl oflM*l X-<*d £-#7l(Energ 

y Dispersive X-ray spectroscopy, EDXH1 2]Q ^=3= ^-^ ^^I-oIjz, 

£ 4a 4c tr^sl 4I A H1 l, 2 ^ 3°11 n+e^ Pt-Ru/C, Pt-Mo/C 3? Pt-Rufl X-*i ^^(X-r 

ay Diffraction, XRD) £-^°fl 9-29 ^-^flal, 

S. 5a 5b z^zt^r -*JaH 1 ^ 2°fl v^&c *H2:€ Pt-Ru/C ^ Pt-Mo/C, £ 5ct=t ^eflfl -*<HrSrfl # D flfl 

#7) Sl-flJ-aj ^(%<a-4 tifl^-* -8-«i "LHl^^ nfl^ ^-wj-g- ^)* i+Ej-vflfe £Q ^ ^(Cyclic Volt 
ammogram)-§: M-Ef^lcf. 

£ -r-^r "S^l-i- -4-§-*V 3)^ cj]^ <£3.*i*l (Direct Methanol Fuel Cell, DMFO-8- ^ tr^ 

nflfl ^S^^ ^fl^-O-S.^ *r«-£3H3 -^l-g-oflsf ^^-§-^^#(LiBH 4 ) A>**H ^Sr 

33 ^m-a- 3.^*1 ^ ioor ^3-01 7>^*> oiiuixi^o.s.Ai ^.^^ ^>^^ *a 

^(CO)« ^Al^ <aa^^la) ^^-#D(|s.Ai aj^ofl cflgfl nis-(poisoning) ^ ^ -i> 

olBltb ^-^1^* sfl^s>7l flail, 7l€-o.S A>-g-^>ji zl «a^> EL 

7l» 2j-7fl -M-g-lM- t°jo^ ^^^ofl fl^V ««^-fl fls. ^Aj-^- ^^«^s]-jz ^^l^o] t&^V <gji^l- s> 
tt <a^7l-^aS£]<H fttf. 

o)<4 t^oj, 3]^ nfl^ o^a^l* 7fl^§fjl^ ^Eflofl A>-g-fl ^ cf 0 J=tr 

^S^^ol HlJU^j -g-°l*>M- #<H1 ^-fe -5^ <gS|-# D J:^- <d^sV<^ ^^(&^.[N.M.Kag 
an, Y.N.Pisarev, Y.A.Kaller, V.A.Panchenko,Elektrokhimiya,9, 1498(1973)] ^a). 

tb^, ol^-l-^ < S2l-# < a ^-f ^1 ^ ^Va)?j ^ ?d^Ai^ &fl7]ofl^ 1^2]* -i-afl ^ <S 

^«VsH 37) ^^c}(§-^[T.A.Dorling, R.L.Moss.J. Catal.,5, 111(1966)] #S). 
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^oflAi 21*} d)1^ <£.g.;*l*l-g- 3^ D II» *H2r*} fe *So] £ wj-^ 0) a]-E|-i4Hll(Watanabe) ^1 2^1 2\ 
*K <a^€ «r sa^&^l [Jou r nal of Electroanl. Chem.,229, 395(1987)] #2:). °1 « 0 v ^^r ^rSr^l <g S]-«>]^(H2Pt 
C16- xH20) ^ ^12^-^ <§S]-# ^-g- 0 -JHl «-^*lK<i: Na2C03£^ NaHS04)# 7}i}^ cf^s] ?\*\ ^ 

f <«^sKa ^€ ^ «8-8*U <S*]e]# M-t H7|s] ^ 

°J^># *1]2:SRr »^<LsL*\, A tf3HH «r«*l|S] ^fr^ *W AVoHl ^(pH)^ 3.^0,, 

4^ 37)7} °] #^1 ^§fj}^ 1^2]7> fi^cffe cj-^# ^uf. 

al^-g-^ ^HH 33 tifl^:* ^S-^l-g- 3^ D fl-& *)]2:T5Hr §S°1^ « 0 >^o] -g-v|] nV(Bonnemann) ^ 3^<H1 £]*)] 
■^t 1 ^ H r StW-g-flfAngew. Chem. Int. Ed. Engl.,30(10), 1312(1991)] #20. °1 #-^-g ^lE^S^S. 

* 3112] ««*|* #^*l] #3S|-£ #nfl( surfactant- stabilized catalyst)* *l]2:tr ^ "1*1 e]» # 
*fl # D I)» iE-S tt<g*fl« ^17]^ U-^^-S^, #n)]2] H7 ) 7l . 2nm ^^S. 3"<as>Jl Ml 
ofl -g-# SL*r -g-o]3}-cf^ 2>*)ol oJ^n> ^o] 4^-s>Jl ^^^^5. -EL^Slfe I^^Hl 2] *1] ^7]- 37l7> ^7>tr 
4fe £3-1: S^Cf. 

°H, ^*rl-8: o)]s] <g^# 7fl#tr *i*r, >t-&2r^ -R-71-g-ofl^ ^^3]-g-^a]f-(LiBH 4 ) ^HlaflS Af-g-sM <g 
*]e] £M£ «S3]-«]^ *l^-g-^ ^]2^ <gS]-#S-¥-E] °}7.} 3.7}7\ 2^3}-^ 2]^ <SlL3*l-g- ajj^. ^ ^ 

^-#°ii» awn ^]2t ^ sa-s-i- t3#x> ^-a- sh^i ^^4. 

T 1 ^ U #-§• 

(LiBH 4 #^.o]c ^ ajj-g. ^ ,4^. oj^s. ^^«v ^ ajj^- ^ <y^» <a^]el $M 7)^ ^ 

* ^AS. 3]^ nim* ^S^i^l-g- ^ ^]^-#nllS] ^l^wj-^^- ^1^-tbC]-. 
°1*> ^- ^^°1) cfl5><^ a-cf 41^^. 

a. Tgxgs] «j= ^= ^is^v^o,] tcl-a^, <g^«Jj^2]- al^-g-^ ^]2^-# ^3)- 1-1; i"^-^ ^l2^^o| ] ~ 2 :1fi] «l 
•ir(atomic percentage, %)-§- ^ ^rl-^Sr^ -g-Dflo]] %7}i}c$ 7}^ ^^tb >?]-§■ -f-sfl -g-sUl^] 

^f, SBV-i- 7il^s>^A-l o}7H) ^-nfl f^2l 0.01 t-M 0.5 # ^i^-§-^B]#(LiBH 4 ) -§-^-8: ^7>sV<^ s.^. 

61S. a c Vo| ^ <y^= ig^tr4. 

°H, fVi ^l^l^lHl ^ #°11« ^]^3r7l ^«11, ^°1), ^r*^^-^ -B- 71 -g- nfl 011 S-^l^ 7>^- 1-^ 

g-'S* ^7>S ^7>^- ^ ^^.o], ^^l^lfe #d)1:^^^121 ^^nl7l- 10~80:90~20°1 ^-g- ^ #"11<H1 ^7} 



^ l^oll Al-g-El^ ^rl-*^ ^-Dfls.^ EflSSr*lS-5.^^(THF), oMlSMS U (ACN), 2lH]^ ^ q °flli#o>ul ^ 
(DMF) ^-§r ft 91°-^, ^^^^ ^ «l^r-§-^ ^l2^# °j5r# -g-«fl£^ ^ ^ 37l 

^ ^^^(c-ystaninity)^. ^Jgs]-^- ^A?V ^.^olS-S #71 ^rlr^St-^ ^-nfloilo) Q^ifr -§-*fl# ^*fl 5 xfl^l 12A] 

?V 40 l-H^l 50°CS 7fl5>^A^ ^^5]-7ll S^l^ ^ Ojcf. ^=3}. ^^S>7l ^ ^1]2 



- 3 - 



^•7fls-5l ^-2001-0094086 



SE*. ^S}-!- fl-fr -8-«S* 100 vfl^l 1200 rpm-a] ^£3. JRaV*)-^^ «^7H ^ <g^-#^ <$£| 1.5 

«fl #«H sWRr ^iSHhfcel#(LiBH4 )3 0.01 ifl*l 0.5 * -g-^-g- $7V*M lOAj^ o^, HV^ajSMlfe 10 Ml 

*1 20Al^ HV^-Al^j =4? g*Hfr&fi| ^ o. ^ 3.^.0] H Aj-o] UJjg- ^ v+ic <8*>* $ A^ ^ - Ojcf. 

°1<H. !^ ^laU-^ofl nj-aig, -8-°m- «a*Hr *el«- 4-g-, 7)^1 A}-g-s}£ 

^ -8-°Dfe u <wi 44 ^17-1^ ^ sifec-ii, 0.3.TT, t&n^ ±*&, i vn*i 

5 mgS) oHIff %7}^5L S«Va|^ a ^o)l ^ri^-g-iBll- S^l* jf. 50 6 0°C^ £ 

£4H <^<8SH -g-cfl# ^t^- ^ sicf. ^ <a^># *fl3*Rr ^-g; ^A>3}] ^ 

€■ U^S} a 0 >^ol] nj-a^, £-B^ <a| = ^ fl*>* iffl^ofl *v ^-a}.^ ^ ^ 7 >fV «M4 f^r^r* ^2 

€r^» f-*fl ^ 4-8\ °1 ^tJ-g-^-g- ^(Liquid Nitrogen, LN 2 )JL Wl^l^l^. 10" 2 ifl^l 

10- 3 SS(torr)£l a]^ aWM -§- D fl« =£3K sublimation) a] ^Ar* £2:^2] SWl^- aj^-g-^ 

^-fHrfe ^ ^ °J*r^ S-tM3-§- -assise}, o] £*V, Eli *1*1*1H 2, ^ 

^ ^ ^"^^1 ^•S ^ ^lS^^l nl-s^ i |A a7 ] ^-i£<q. 2nm °1«>S] ig^ 3711- ^ ^ <y^> 

^- ^ Vl ^* *>7| AjAHH) ^T^sH #t1 Aj-^§V7ll AiigS]-^ ^, S>7] ^A]oJl^ ^. ^Vrg^. d\]A)Z} 7 ) 

-g-^7l7 r -B-aIs)^ ^i(Glove Box) gHH cf^-Aj ^ ^-at^) «j= q] ^Efl^-ol ms] ul-frs # 

v£X\ <gsl-«3j^-(PtCl 2) 98%) 0.4 EflSe|-5rlS.S.^^(THF) 200 mgofl -g-SflAl^l ^ ^-g-s)- ^-Efl^-°) ul^o] 
1:1 °1 5)^^- 100 me^ THF<^)1 ^Sj-^-tflw (RuCl 3 ) 0.3057 g^r -§-«!] a] ^1 «g^E||^- <gS)-««^- -§-<S»o)l ^7> 

*r«l-5Al?V *<y- -g-sflA]^!^. ojnfl, aJ. 7 | ^.qb^ o. s 50'C^l 7 r <a*>^^ Til^SV^cf. cfs « 

#"flSr a]a1*))o^ ^n] 7 \ 40:60^1 1"^ ^-^(Vulcan XC-72) 0.6636 g-fr THF 100 mi<^ *k 

^-aJ-aI^I o]5 Aj-7] ^ <g^ # ^.ojjs). i^-s>o^ 5Al^V ^-ol S«>5l-^4. ol<H, Aj-71 ^^-#1- 700 rpm^ 
^l^sflA^ SHlsl-'aA-l o^7]^l THF ^2] 0.1 * =ri^-g-ih^#(LiBH4 ) -8-^ HO me« ^ 'J}-*^ ^7}«H 12Al 

?V *<L> St^-Ai^^. wv-g- ^j-a ^ t ^A^^ bj}^.-^^. ^ i^-^ 3 mts] oHi^-g. ^7> 

5Al^V -^ol SHVAl^l cf-g- ^H- ol-g-gj-o} ^^-A) 71ji, ^.i^l «j = -JfEfl%- i&= OJ71-1- 150 me^l 

<H|^:-S-S Aflajtb ^ cfAl ^o>oi fe oflfj-g-g- #^-a1^c|. o}^, ofl^ofl 4^^, ofl^^. ^ 7 >S>Jl 30^ 

^-^7llfl^Ai 3tiVA|?J ^ lOAj^-ol %^}al 4)^#ol AjAjs]^ ^^-^-21 ^^^V oUfM-* ^^S) 
Si 4. °M, B J]g-^Efl^ °jA)-# 30 mC^l S-AlAl 7J ^ C^7H ^9] ^7>Sfjl i-g-Bf g-dflt}" 4 

-g-. ^Afl ^iS WJZM?! ^ 10 " 2 vfl^l 10- 3 Al^- SfoflAi ^.nfl* ^^a]^ ^ofl «Jjg--^.Efl 

^ ^ °jAKPt-Ru/C) 1.106 g^- ^r^-*r^4. 

-S A H 2 : ^-a)^ -i-elJiiffl 
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0.3057 s si\ °J4-?-3l4(RuCl 3 ) 44°ti 0.3043 g4 <£s±^ J±4(MoCl 3 . 98%)* A^sl-Jl *3 444 0.65 
65 gSl «8=o.S AV-g-tb 34 *)144:a^ -S-71 ^aHI i 4 4°J47fl aV-S-i- ^^)*H 4*°fl 444 *l * 3 -M- 4 4 
-g" U4(Pt-Mo/C) 1.0942 g-g- 4^444. 

4aH1 3 : 4*<>ll 4443 f-^-fe- tf-g-ai ^2: 

"^^(PtCfe, 98%) 0.15 g-8: THF 150 m^l 4*1134 ^44 -f-31421 44 Hi #4 mo] £)£.s. 50 ^2] T 
HF^l «S^Efl^(RuCl 3 ) 0.115 g4 43134 <*3H^1^- **>4 <£Q»A^ -g-°-M ^7>S><^ 544 44 4*11344. 
°H, 4^2] *£# ^-g-^ 50°C43 7><t*l-^^ 244 ^l^^f^cf. olol, Aj-7] *4-§~gr 700 rpmS] 4-£ 
3. *f|#«H4 34444 o^7lofl THF #3 0.1 4 ^±&&±B) #(LiBH 4 ) -g-^ 41.45 mi^r i&4 4 444 37>43 

1244 44 #43 4-§-35a4. av-i- 4s ^4* -s-71 -gAH] i4 ^.<y*i4i 4443 "jj-g—f-Efl^- q= <a*K 

Pt-Ru) 0.166 g* 4^-444. 

£ 2a ^ 2b^r 43 43°ll l°flAi 444 Pt-Ru/C3 44 44 433(TEM) 4* 44^*1 44 ^4 333(250, 
000 ufl-fr) ^Dfl <a^]-S) 371 ^lEf 4444. £ 2b344 4 4 4^3, ^AHl loflA-l 4^4 Pt-Ru/C °J4fe 
7121 3nm 343 37l» 7>4 o_3, jg^. a|^o] 1.85nm344- 

E4, £ 2c ^ 2d 44* -8-71 43<-i| 2 * 3°flAi 444 Pt-Mo/C ^ Pt-Ru3 ^4 44 44 4401] 4s. 4^1 
333 (2c: 250,000 «fl-§-, 2d: 500,000 «!)#)■!• 4444. 

£ 3a ^ 3b 44* 43 44ofl i *J 30)14 444 Pt-Ru/C ^ Pt-Ru3 <*43 44 X-4 447l(EDX)3 34 
34 43 ^4^.4 Pt-Ru/C 4 Pt-Ru 1-4 434 1:13 Pt:Ru3 M«lfS 3-?-344-§- 444 <r 44. 

£ 4a 43 4c 44* -#71 4 A H1 1,2^ 3*IM 4^4 pt-Ru/C, Pt-Mo/C ^ Pt-Ru4 X-4 44(XRD) ^1 
4* 9 -26 443ji, 43 E4a D ^ 4b^r «)■§■ 44(Pt/C)3 ^44 444 334 344. s. 4<HlAi, 4^-* 
ol-f-S-l: °fl «1^4 (111)31 ^44 444^ 2iH7> 44 °1*4^ 3* ^Efl^- #el « 44 4 

444^4* 4°J4 4 44. 



£ 5a ^ 5b 44* 471 4 AMI i 4 244 4^-4 Pt-Ru/C 4 Pt-Mo/C, je 5ct=t ^4 444 4S.444 44# 
Dfls.Ai 4444 E— TEKAi-( n 14)2l ^^--^-£114 4^ #4(60 #4%^1 7V*°fl 444 44)21 47l 44^1 44( 
444 °1144 4^ 4°flAi2l 444 4444 44)4 444^ 44 44 44 44(Cyclic Voltammogram)£-S4. 
ols4El 44°fl 1 4 2<H14 444 Pt-Ru/C ^ Pt-Mo/C £4 33 "1144 4^-444 4^ d H^a-i 44471] a>4 
4 4 444 4 4 44. 



4^2) sl4 

4 4^2) q= 4^- ^l24«j°ll 4=4, #* H7l 4i£4 2nm 01421 44 3711- 4^r 44 4^- °Ja)-i- 71^1 

»l«fl 4^ 444tA ^1^4 4 4^, ^1^4 4^-* 4^«fl ^^1444 33 °)144 4^-444 °<f44 444 
Dfl^.4 A14401 ^44 44 4*2i 44 444 4 44. 

(57) 3)43 ^4 

34^ 1. 

«1444 4°flAi 33 "1144 4^.444 4^#"11» a||i£«Hr «s °1^.4^ °11 444, 4dt 444 44 44*44 
*7l* D fl 4°)lAi <§4 u -il^ 4 01444 ^12^-4 ^444 4^44^3 4(LiBH 4 )^.s 444^ #s.oi= 401 ^ 
4^- 4ii °J4« *§^4 ^, «q= 4^- oj7 >1: <g*]e| ojoi 4^)7^ ^4 4fe 33 "1144 4^-444 U J] 

^ 4^- 44443 ^1^4^. 
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2. 

Ml i *M sa<H>*i. 

^"21 i+ic «a^-7>, Hl^-g-^ ^4 Ml2^#<>l 1 -2:12} «1# 

* tf-S-S. 'r-t-SSHg -8-71-8-Dfloll $7>*M 5 tfl^l 12A]^V ^-o_V ^.g.aj o. s 40 50 'CS 7)-<I15)-<3a1 Hi^l 
?! ^, Ml^^ o}7Hl *r-&-£SH -B-71-g-nfl 0.01 0.5 # ^^3l-g-^el#(LiBH 4 ) -§-<*!-§: ^7^> 

<^ 10*1 & iflxl 20Al^ ^-°> «>-g-A)^ *8>8£)te 3-§- ^-^-5-5. sfe 

3. 

Ml 1 *J 2t¥r Ml 2 *<H1 5fl°W, 

^rl-£SF3 -fM-g-^V Efleej.5ic 5 _xr^. (THF ) i oHl£u)Hl(ACN), ^e)^, cHUSf-oH = (DMF) £4=r 
^T 1 ^ 4. 

M] 1 * 3£*t Ml 2 * 0 Hl 5tl*H>H. 

^T 1 * 5. 

Ml 1 *<M1 $a«H>H. 

33 6. 

Ml 1 *<H1 SWi, 

^ °J*>^ 32:71-, -g-nfli- ^l7ls>^ ^--g- <y^V# £-eRV tf-g-, g-Bj^ <g*l-i- ^ f^^s] £^-g-nJH 
&^Al^l ^23^)^ ^^jsl^ m^j 0.5. ^ 

^T 1 * 7. 

Ml 6 tMI 5fl<>H. 

»d*l ^a]^ * ^ 7>t _ v jg.^ s-^s iJjt. §-a> a1? i^ ^|-^o S « 0 Mg. 

^T 1 * 8. 

Ml 1 * vfl^l Ml 7 ^ 1? * *J-2l «o v ^°)l aj-et Ml 2:^ 33 °fl?]-§r <9 3. 3*1-8- ^ 
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0) <gty W^H* THF°fl -g-8fl 



(2) THP°fl £-tf-A|*l (i)ofl %?\ 



(3) -g-ifc q#(LiBH 4 ) *<5t 49-%) 



<Z> -§-^3 
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SE.^ 2a 
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^ 2b 
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2d 
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5b 
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